Abstract-A supramolecular complex was formed between ruthenium porphyrins and pyridyl-functionalised carbon nanotubes, which were in turn covalently attached to a silicon surface. The surface was characterised by LDI-ToF-MS, UV-vis spectrophotometry and steady-state spectrofluorometric methods.
INTRODUCTION
The utilisation of organic compounds has gained much interest in the drive toward cheaper and efficient solar energy conversion devices [1] . The Grätzel solar cell utilises an organometallic dye to promote electrons from the valence band to the conduction band of the semiconducting TiO 2 [2] . The ruthenium dye component traditionally used in these devices has been subject to investigation. Some of these studies have incorporated the porphyrin macrocycle as the functional dye, due to the similarity to the bacteriochlorophyll dye present in the natural photosynthetic apparatus of purple photosynthetic bacteria [3] .
Single-walled carbon nanotubes (SWCNTs) have recently become the focus of intense multidisciplinary study due to their unique structure, chirality-dependent conductivity, high mechanical strength and good chemical stability [4, 5] . Various potential applications, including those in chemical and biochemical sensors [6] [7] [8] , nanoelectronic and optoelectronic devices [9] [10] [11] [12] [13] [14] , have been widely explored. However, most of these potential applications require the chemical modification of carbon nanotubes with specific functionalities [15] . So far, a wide range of electrochemical active species, biological molecules and nanoparticles, including DNA [8, 16, 17] , proteins [18] [19] [20] [21] , ferrocene [20, 22, 23] , porphyrins [24, 25] and CdS nanoparticles [26] have been exploited. In recent times, porphyrins have also been utilised in conjunction with single walled carbon nanotubes (SWCNT) in the construction of solar-harvesting arrays. Such arrays have been created utilising covalent [27, 28] and non-covalent [29] means, with the common observation of photoinduced electron transfer within the porphyrin-nanotube conjugate. To a lesser extent, photoinduced energy transfer has been observed [30] .
Recently Garcia and coworkers [31] have reported the interaction of zinc porphyrin with pyridyl functionalized SWCNTs through an apical coordinative bond between the porphyrin transition metal atom and the pyridyl ligand. To date, there has been little effort to incorporate these donoracceptor arrays into a functioning device through mounting on a surface. We have demonstrated surface-mounted ferrocene using covalent immobilization of an alcohol substituted ferrocene derivative to a pre-assembled single-walled carbon nanotubes directly anchored to silicon (100) surface (SWCNTs-Si) [22] . In this paper, we will present the preparation and characterization of ruthenium porphyrin modified carbon nanotube arrays and demonstrate their potential applications for information storage and light harvesting antenna.
II. EXPERIMENTAL
A. Preparation of ruthenium porphyrin modified SWCNT arrays covalently anchored to silicon (100) Highly boron doped p-type silicon (100) wafers (0.5 mm thickness, 1 mΩ.cm resistance and polished on one side) were purchased from Virginia Semiconductor, Inc. USA. The preparation of the attachment of vertically-aligned shortened carbon nanotube architectures on a silicon (100) substrate (SWCNTs-Si) by chemical anchoring directly to the surface followed the procedure reported in our earlier work [22, 32] . After SWCNTs-Si structures were rinsed with acetone to remove any unbound reagents, they were incubated in a N,N'-Dimethylformamide solution containing 4-aminopyridine, 1,3-dicyclohexylcarbodiimide and 4-(dimethylamino) pyridine. The 4-aminopyridine mounted SWCNTs-Si surfaces were immersed in a ruthenium porphyrin/chloroform solution for 24 hours. The resulting surfaces were washed with copious chloroform and then stored in the dark after being dried by a high purity nitrogen stream. Fig 1 shows a schematic of a ruthenium porphyrin, RuTPP(CO)(EtOH), coordinated to a pyridyl functionalised single-walled carbon nanotube (RuTPP-SWCNT-Si). The array was constructed using a "bottom up" approach by covalent attachment to a p-type silicon (100) surface.
B. Surface characterisation
Laser-Desorption Time-of-Flight Mass Spectrometry (LDIToF-MS) spectra were acquired using a Micromass M@LDI instrument (Waters, UK) with a 337 nm pulsed N2 laser. The instrument was operated in positive ion reflection mode with pulse voltage 2,500V and reflection voltage 2,000V. UV-Vis spectra were measured using a Cary 5G UV-Vis-NIR Spectrophotometer equiped with an Absphere bi-conical accessory. A Cary Eclipse Fluorescence spectrometer equipped with solid sample holder accessory was used to investigate the fluorescence properties of SWCNTs-Si, 4-aminopyridine mounted SWCNTs-Si and RuTPP-SWCNTs-Si surfaces. Hydroxyl terminated silicon (100) was used as a reference surface. The fluorescence emission spectra were obtained with both excitation and emission slit widths of 20 nm.
III. RESULTS AND DISCUSSION

A. Laser-Desorption Time-of-Flight Mass Spectrometry (LDI-ToF-MS)
Absorption of UV light from the nitrogen laser (337 nm) resulted in concomitant desorption and ionization of the ruthenium porphyrin moiety from the surface through breaking of the non-covalent interaction between the pyridyl moiety on the surface and the axial position of the macrocycle. Fig. 2 shows the result of the LDI-ToF-MS experiment with the presence of the metalloporphyrin bereft of its axial carbonyl ligand being confirmed by the peak at m/z=714 a.m.u. 
B. UV-Visible Spectroscopy
The photochemical activity of the RuTPP-SWCNT donoracceptor functionalised surface was initially investigated through the use of solid-state UV-vis spectrophotometry. Investigation of the absorption properties of the surfaces was performed by comparison between the SWCNT-Si (Fig. 3a) and the RuTPP-SWCNT-Si surfaces (Fig. 3b) . Comparison of the two spectra shows that upon incorporation of the porphyrin chromophore onto the surface, the UV-vis spectrum exhibits broad absorptions centred at 440 nm and 541 nm, whereas the SWCNT-Si surface exhibits no significant absorption in the visible region. The absorption of the RuTPP-SWCNT-Si surface is consistent with intense Soret and Q-band absorptions of the metalloporphyrin, inset in Fig. 3c . C. Steady-State Fluorescence Spectroscopy Fig 4 shows the emission spectra from SWCNTs-Si and RuTPP-SWCNTs-Si as obtained by steady-state fluorescence spectroscopy. Initial fluorescence experiments were conducted on RuTPP-SWCNTs-Si surfaces obtained from immersion of the 4-aminopyridine functionalized SWCNTs-Si surface in RuTPP(EtOH)CO for 24 hours. The emission behavior of the SWCNTs-Si surface was investigated by irradiating the surface at 426 nm, 460 nm, and 485 nm. Irradiation of the surface at 426 nm afforded maxima possessing weak emission intensity at 665 nm and 725 nm. By moving the excitation wavelength to 460 nm, the surface produced an emission maximum at 725 nm with a greater intensity than when excited at 426 nm and irradiation of the SWCNTs-Si surface at 485 nm produced weak emissions at 650 nm, 725 nm and 760 nm. Irradiation of the RuTPP-SWCNTs-Si surface at 426 nm, 460 nm and 485 nm was performed in a similar manner to the precursor surface, but no new maxima were observed upon recording the emission spectrum. The wavelengths chosen all coincide with the enhanced absorption of the chromophore on the RuTPPSWCNTs-Si surface. The outcome was a noticeable enhancement in the emission intensity of all the maxima derived from the SWCNTs-Si component of the surface. Thus the lack of porphyrin-derived emission coupled with the enhancement of SWCNTs-Si emission intensity on the porphyrin functionalized surface was ascribed to a photoinduced energy transfer occurring on the surface. Furthermore, it is envisaged that the energy transfer is occurring from the porphyrin to the SWCNT, then possibly to the Si on the surface. 
IV. CONCLUSIONS
To summarise, a "bottom-up" approach was used to construct a donor-acceptor array on a p-type silicon surface. LDI-ToF-MS was utilised to directly confirm the presence of the RuTPP moiety associated on the surface in a non-covalent manner.
Solid-state UV-Vis and fluorescence spectrophotometric techniques were used to characterise the absorptive and emissive behaviour of the metalloporphyrinfunctionalised surface. Absorption of light by the porphyrin chromophore on the surface mounted array resulted in enhanced emission from the SWCNT component of the array, indicating the presence of an efficient photoinduced energy transfer from the RuTPP to the SWCNT. Further solid-state emission and excitation experiments will be conducted to give greater insight into the photoinduced processes that occur within the surface mounted array upon the absorption of light.
